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Abstract Recent investigations of molecular diver-

sity in the plankton of lakes and coastal lagoons have

detected an unexpected diversity of fungi including

chytrids. Microscopic observations have provided

evidence for the presence of two main forms. The

sporangia are implied in algal parasitism. The

propagules, i.e. uniflagellated zoospores, may consti-

tute an alternate resource for consumers. These

results suggest a need to reconsider the concept of

plankton food web functioning. In order to describe

the potential role of fungi in food web functioning,

we revisit the model of carbon flows in the photic

zone of the North basin of Lake Biwa in summer,

established using the inverse analysis method for

estimating missing flow values. In the absence of

quantification of the flows induced by fungal activity,

simulations are realised of their potential role in the

plankton food web. Different rates of parasitism of

micro-phytoplankton are tested, with a return of this

carbon to the consumer via the consumption of

zoospores by mesozooplankton and, at a lower rate,

microzooplankton. The presence of this indirect

pathway channelling micro-phytoplankton produc-

tion to the consumers via the fungi, leads to the

following trends: (i) an enhancement of the trophic
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2 rue Olympe de Gouges, 17000 La Rochelle, France

e-mail: nniquil@univ-lr.fr

M. Kagami

Department of Environmental Science,

Faculty of Science, Toho University,

Miyama 2-2-1, Funabashi 274-8510, Japan

J. Urabe

Graduate School of Life Sciences, Tohoku University,

6-3 Aoba, Aramaki, Aoba-ku, Sendai 980-8578, Japan

U. Christaki

ULCO, Laboratoire d’Océanologie et Géoscience,
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Université Blaise Pascal, Clermont-Ferrand II,

63177 Aubière Cedex, France

123

Hydrobiologia (2011) 659:65–79

DOI 10.1007/s10750-010-0308-6

Author's personal copy



efficiency index, (ii) a decrease of the ratio detriti-

vory/herbivory, (iii) a decrease of the percentage of

carbon flowing in cyclic pathways, and (iv) an

increase in the relative ascendency of the system.

Relative ascendency, which indicates pathways more

specialised and less redundant, is related to theories

linking food web patterns and stability. A high

ascendency in the plankton food web (low trophic

level), if connected to a food web of high redundancy

at higher trophic levels (e.g. nekton food web) would

fit well to the stabilising pattern called structural

asymmetry, considered a stability criterion. More

precise models, taking into account the species

diversity of fungi and the high specificity of their

parasitism on the micro-phytoplankton, would further

accentuate this observation.

Keywords Food web � Parasites � Plankton �
Inverse model � Ecological network analysis

Introduction

The functioning of the plankton food web has been

the object of a rapid evolution of paradigms since the

1980s, in parallel with the evolution of techniques

that allowed the investigation of small-sized organ-

isms and dissolved compounds and the estimation of

new process rates. Such investigations have led to the

definition of the paradigm of Legendre & Rass-

oulzadegan (1995, 1996) which describes four cases

of the typology of food web functioning. The initially

well-described case was the herbivorous food

chain, relying on a primary production by the

micro-phytoplankton, consumed by metazooplank-

ton. Research including and building upon the initial

articles of Pomeroy (1974) and Azam et al. (1983)

allowed the definition of the microbial food web. In

this type of functioning, the main primary producer is

pico-phytoplankton, which is responsible for a high

rate of dissolved organic carbon exudation, itself

the basis of a high heterotrophic bacteria produc-

tion. These small size bacterial particles are then

connected to the metazoans with the essential inter-

mediary step of the protozoa (heterotrophic or hetero-

mixotrophic). The association of the herbivorous

chain and the microbial food web defines a third case

called a multivorous web. The fourth case, called the

microbial loop, corresponds to a functioning similar

to the microbial food web but disconnected from the

metazoan consumers. Further advances in microbial

ecology have added to this scheme the viruses, which

play an important role in the functioning of the

microbial food web and the microbial loop (Fuhrman,

1999; Wilhelm & Suttle, 1999). The recent develop-

ment in genomic approaches to diversity has led to

great changes in the consideration of microbial items,

for example the case of Archaea which long had been

considered as bacteria (Woese et al., 1990). This

evolution of knowledge also led to the reconsidera-

tion of a trophic group which had been deeply

analysed in early ecology but which was often

neglected in recent investigations of plankton pro-

cesses, and absent in plankton models: the fungi.

In lake ecosystems, there has been a growing

interest in the parasites of the phytoplankton, which

belong mainly to the primitive fungal phylum of the

Chytridiomycota or chytrids (Ibelings et al., 2004;

Kagami et al., 2006; Gleason et al., 2008). This

phylum is characterised by a motile zoosporic stage,

in which zoospores actively find and infect host cells

and then develop into mature sporangia that will emit

new zoospores. Chytrid infections have been

observed mainly on large phytoplankton species and

especially on those species that are fairly resistant to

grazing by metazoan zooplankton (Kagami et al.,

2006). The free zoospores have been shown to be

consumed by the metazoan zooplankton (Kagami

et al., 2004) and represent an interesting source of

rich compounds. The cytoplasm of chytrids contains

glycogen, proteins and fatty acids of great nutritional

interest for the grazers (Suberkropp & Cantino, 1973;

Weete et al., 1989; Gleason et al., 2008). This has

been shown to enhance the growth of cladoceran

zooplankters in cultures of an inedible alga (Kagami

et al., 2007a). Moreover, recent surveys of the 18S

ribosomal DNA underlined that what had been

described before as ‘small unidentified heterotrophic

flagellates’ are, in a non-negligible part, composed of

fungal zooflagellates (Lefèvre et al., 2007, 2008).

Direct observations, using calcofluor staining,

showed that micro-phytoplankton may be highly

parasitised by chitrid sporangia (Rasconi et al., 2009).

Dynamic studies, combined with loss rate estimates,

showed that fungal parasites may be an essential

controlling factor of micro-phytoplankton blooms

(Kagami et al., 2007a; Gleason et al., 2008). From
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these investigations, conceptual (Kagami et al., 2006)

or semi-quantitative food webs (Lefèvre et al., 2008)

were built but no attempt was made to build a fully

quantified model due to the lack of processes

quantified. In this article, the choice was made to

quantitatively model the system by a simulation

approach based on a sensitivity analysis of the main

unknown: the rate of primary production used by

parasites. The carbon flow induced by parasitism

defines a new branch in the trophic network,

connecting micro-phytoplankton to consumers by an

indirect pathway based on the two life forms of fungi:

the sporangia and the zoospores. This sensitivity

analysis allows us to define the potential role of fungi

in the plankton food web functioning.

In this study, we revisited the plankton food web

carbon model of the Lake Biwa North Basin photic

zone in summer that was built using inverse analysis

(Vézina & Platt, 1988) to estimate unquantified flows

(Niquil et al., 2006). We added new information

extracted from the conceptual models derived from

recent investigations on the role of fungi in plankton

food webs and observed the consequences on emerging

properties, described by using the indices of Ecological

Network Analysis (Ulanowicz, 1986, 1997; Ulanowicz

et al., 2009). From these simulations, we described the

potential role of fungi by characterizing the trends in

these emergent properties and relating them to food

web characteristics of functioning and stability, using

recent theories linking patterns and processes.

Materials and methods

Initial model

Lake Biwa (35�11.50N, 135�58.80E) is the largest lake

in Japan and supplies water to 14 million people. The

numerous studies conducted on Lake Biwa describe

the stocks and processes of the different plankton

compartments. Based on their results, a model was

built describing the mean carbon flows in summer in

the North Basin photic zone (Niquil et al., 2006). For

estimating missing values of the flows, the inverse

method described by Vézina & Platt (1988) was

applied (see Vézina & Platt, 1988, for a detailed

algorithm of the method, or Niquil et al., 2006 for

a summary). Eight compartments were defined: the

pico-phytoplankton (\2 lm, ph1), the nano-phytoplankton

(2–20 lm, ph2), the micro-phytoplankton ([20 lm,

ph3), heterotrophic bacteria (bac), microzooplankton

(\100 lm, mic), mesozooplankton ([100 lm, mes),

detritus (non-living material [ 0.7 lm, det) and dis-

solved organic carbon (\0.7 lm, doc). Thirty-eight

possible flows were defined (Table 1, Model 1),

assuming that each of the eight compartments was at

steady state, and adding the field estimation of 18

flows (or linear equations of flows), a set of 26 linear

equations of the 38 flows was defined. As this system is

underdetermined (fewer equations than unknowns),

linear inequalities were added which limited the rates

and efficiencies of biological processes. Thus, a

subspace of realistic solutions was delimited. In this

subspace, the least square criterion was applied for

selecting a unique value for each flow.

In the current model, the initial equations used

were conserved (Niquil et al., 2006) with two

modifications, made in order to adapt the model to

recent advances (Table 2). Pradeep Ram et al. (2010)

showed that the viral lysis was responsible, in Lake

Biwa, for a loss of about 30% of the bacterial

production. This value was set as 25% in our model,

as 30% would not be compatible with the other

constraints applied and resulted in no possible solu-

tion. Secondly, the equation setting a ratio of DOC

uptake to bacterial respiration was not considered, as

it was redundant with the other equations applied.

The initial inequalities also were conserved

(Niquil et al., 2006); the only modification was better

consideration of the microzooplankton diet. The lack

of data on microzooplankton grazing had led to an

initial model where these grazers mainly consumed

detritus, and no nano-phytoplankton (Niquil et al.,

2006). As observations have shown that phytoplank-

ton consumption should not be neglected (Yoshimizu

et al., 2001), we added inequalities to favour a

consumption of living material and to make the

consumption of the different living compartments

reflects the available production. First, an inequality

was added limiting the microzooplankton consump-

tion of detritus to 20% of its total ingestion. Then, the

percentage of phytoplankton in the microzooplankton

diet was limited to the interval 7.5–12.5%, i.e.

10 ± 25%. This 10% ratio was the ratio between

the primary production, available to microzooplank-

ton (net primary production - DOC exudation

- measured consumption by mesozooplankton), to

the bacterial production available to microzooplankton
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Table 1 Flows of the steady-state model in mg C m-2 day-1

Source Description Flow name Inferred value

1 2 3 4 5

Primary production Gross phytoplankton production for phl CgppTOph1 130 130 130 130 130

Gross phytoplankton production for ph2 CgppTOph2 348 348 348 348 348

Gross phytoplankton production for ph3 CgppTOph3 1100 1100 1100 1100 1100

phl Respiration by phl Cph1TOres 42 42 42 42 42

Grazing of ph1 by microzooplankton Cph1TOmic 9 9 9 9 9

Grazing of ph1 by mesozooplankton Cph1TOmes 69 69 69 69 69

phl detrital POC production Cph1TOdet 9 9 9 9 9

DOC excretion by ph1 Cph1TOdoc 2 2 2 2 2

ph2 Respiration by ph2 Cph2TOres 99 99 99 99 99

Grazing of ph2 by microzooplankton Cph2TOmic 15 15 15 15 15

Grazing of ph2 by mesozooplankton Cph2TOmes 204 204 204 204 204

ph2 detrital POC production Cph2TOdet 24 24 24 24 24

DOC excretion by ph2 Cph2TOdoc 5 5 5 5 5

ph2 sinking Cph2TOlos 0 0 0 0 0

ph3 Respiration by ph3 Cph3TOres 352 352 352 352 352

Grazing of ph3 by mesozooplankton Cph3TOmes 209 209 209 209 209

ph3 detrital POC production Cph3TOdet 429 329 229 129 69

DOC excretion by ph3 Cph3TOdoc 65 65 65 65 65

ph3 sinking Cph3TOlos 45 45 45 45 45

ph3 parasited by spo Cph3TOspo – 100 200 300 360

spo Respiration by spo CspoTOres – 20 40 60 72

Spo sinking CspoTOlos – 0 0 0 22

Spo emission of zoo CspoTOzoo – 76 152 228 253

Spo detrital POC porduction CspoTOdet – 4 8 12 13

zoo Respiration by zoo CzooTOres – 38 76 114 127

Grazing of zoo by mic CzooTOmic – 13 25 38 42

Grazing of zoo by mes CzooTOmes – 25 51 76 84

mic Microozooplankton respiration CmicTOres 44 35 25 16 13

Grazing of microzooplankton by mesozooplankton CmicTOmes 40 41 43 44 44

Microzooplankton egestion CmicTOdet 276 296 315 335 341

DOC excretion by microzooplankton CmicTOdoc 40 41 43 44 44

mes Mesozooplankton respiration CmesTOres 346 297 249 200 178

Mesozooplankton egestion CmesTOdet 578 558 539 519 513

DOC excretion by mesozooplankton CmesTOdoc 119 112 104 122 134

Grazing of mesozooplankton by larger organisms CmesTOlos 149 149 149 149 149

doc DOC consumption by bacteria CdocTObac 907 907 907 907 907

bac Respiration by bacteria CbacTOres 460 460 460 460 460

Grazing of bacteria by microzooplankton CbacTOmic 310 310 310 310 310

Grazing of bacteria by mesozooplankton CbacTOmes 25 25 25 25 25

Bacteria mortality CbacTOdoc 112 112 112 112 112
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(net bacterial production - viral lysis). The ratio

between nano-phytoplankton and pico-phytoplankton

consumption by microzooplankton was limited to

2.3 ± 25%. This value of 2.3 corresponded to the

ratio between the available production of nano-

phytoplankton and of pico-phytoplankton.

The inverse analysis is then applied (using the

program Matlab� written by George A. Jackson

and modified for the present case), leading to an

actualised initial model that we will refer to as

Model 1.

Simulation of the potential role of fungi

To explore the role of fungi in the Lake Biwa model,

we added two compartments, the sporangia (spo) and

zoospores (zoo) to the first model. Life stages of the

fungi were separated to account for the diversity of

roles in the food web. The only input flow towards

sporangia corresponds to the parasitism on the micro-

phytoplankton. The carbon incorporated in the spo-

rangia can either be respired, sink, or be incorporated

into zoospores. This emission of zoospores is accom-

panied by a formation of detritus, corresponding to

the chitin wall of sporangia which remains empty

after the emission. The carbon entering the zoospore

compartment is either respired or consumed by

micro- or mesozooplankton. With this addition of 8

possible flows into or out from the 2 fungal

compartments, we have a set of 46 possible flows

(Table 1, Models 2–5).

In absence of quantitative data for the processes

concerning fungi, a sensitivity analysis was per-

formed by testing a range of values for the associated

processes. The sensitivity analysis is based on the

simulation of 4 models, derived from Model 1, in

which we modified the flow corresponding to para-

sitism, i.e. the quantity of carbon available from the

primary production of the micro-phytoplankton,

channelled to sporangia. In model 1, this flow

(Cph3TOspo, according to the Table 1 flow names)

is set to zero, which gives exactly the same results,

when applying inverse analysis, as the one from the

model without the fungal compartments. The maxi-

mum possible value, compatible with all other

constraints applied, for this parasitism flow is

360 mg C m-2 day-1: this value was applied to

Model 5. This maximum value is defined by the

constraints applied to primary producers and to their

grazers. In between, we simulated a progressive

enhancement of this value, in mg C m-2 day-1: 100

for Model 2, 200 for Model 3 and 300 for Model 4.

Except for the value of the parasitism flow, all

other assumptions of the four simulations were

identical. The assumptions of the models were:

– The respiration was considered to be 20% of the

carbon incorporated by the sporangia (low value,

as the sporangia are non-motile).

– The respiration by zoospores was considered to

be 50% of the carbon incorporated at the zoospore

emission by the sporangia (high value, because of

their motility).

Table 1 continued

Source Description Flow name Inferred value

1 2 3 4 5

det Non-living POC dissolution to DOC CdetTOdoc 491 498 504 485 472

Grazing of non-living POC by microzooplankton CdetTOmic 67 67 67 67 67

Grazing of non-living POC by mesozooplankton CdetTOmes 644 542 439 363 338

Sinking of non-living POC CdetTOlos 137 137 137 137 115

Imports Net import of POC (import–export) CentTOdet 23 23 23 23 23

Net import of DOC (import–export) CentTOdoc 73 73 73 73 73

For each flow, the flow name is defined as unit (Carbon)–source compartment–TO–sink compartment. Compartment abbreviations

are defined in the text. The external exchanges are defined as gpp for gross primary production, res for respiration, los for organic

carbon export and ent for import. The values given for the 5 models are obtained by the inverse analysis. Model 1 presents no fungi,

models 2–5 are classed in increasing order of parasitism. Bold values are directly determined by field observations. Others are

inferred from the inverse analysis calculation. The italicized entries underline the main difference as an input to the 5 models
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– The loss of carbon to detritus, corresponding to

the chitin wall remaining empty after zoospore

emission, was considered to be 5% of available

carbon, with the remaining 95% channelled to the

zoospore compartment. These empty sporangia

are considered as channelled to detritus as it has

been shown that they are not consumed by

zooplankton (Kagami et al., 2005).

– The consumption of zoospores by microzooplank-

ton, which has not been quantified, was set to

double the consumption of zoospores by meso-

zooplankton (quantified by Kagami et al., 2004).

These new equations are presented in bold in

Table 2. With 10 mass balance equations and 22

equations from field measurements or simulations,

we have a system of 32 linear equations for a system

of 46 unknowns. The inequalities were not modified

from the initial model. The same inverse analysis

algorithm is applied to the 5 models (1 initial and 4

simulated). This defines a value, in mg C m-2 day-1,

for each flow in each model.

Ecological network analysis

In order to describe the emergent properties of the

calculated simulations, we applied several indices

from Ecological Network Analysis. Ecological Net-

work Analysis is defined by Fath et al. (2007) as a

‘system-oriented methodology to analyse within

Table 2 Linear equations used as complements for the mass balance equations, to take into account field estimates and simulations

of the fungi role

N� Process estimated or simulated (bold) Corresponding equation

1 Gross primary production of ph1 and ph2 CgppTOph1 ? CgppTOph2 = 478

2 Gross primary production of ph3 CgppTOph3 = 1100

3 Total sinking Cph2TOlos ? Cph3Tolos ? CdetTOlos ? CspoTOlos = 182

4 Phytoplankton sinking Cph2Tolos ? Cph3Tolos = 45

5 Phytoplankton respiration Cph1Tores ? Cph2Tores ? Cph3Tores = 493

6 Bacteria respiration CbacTOres = 460

7 Heterotroph respiration CspoTOres ? CzooTOres ? CmicTOres ? CmesTOres = 390

8 Phytoplankton exsudation of DOC Cph1Todoc ? Cph2Todoc ? Cph3Todoc - 0.066 CgppTOph1

- 0.066 CgppTOph2 - 0.066 CgppTOph3 ? 0.066 Cph1Tores

? 0.066 Cph2Tores ? 0.066 Cph3Tores = 0

9 Detritus egestion by zooplankton CmicTOdet ? CmesTOdet = 854

10 Grazing of ph1 by mesozooplankton Cph1Tomes = 69

11 Grazing of ph2 by mesozooplankton Cph2Tomes = 204

12 Grazing of ph3 by mesozooplankton Cph3Tomes = 209

13 Bacterial production CbacTOmic ? CbacTOmes ? CbacTOdoc = 447

14 Mesozooplankton production CmesTOlos = 149

15 Carbon total import CentTOdet ? CentTOdoc = 35

16 Carbon import and detritus CentTOdet = 8.4

17 Respective percentage of bac and

ph3 in the mesozooplankton diet

CbacTOmes - 0.122 Cph3Tomes = 0

18 Parasitism of ph3 by sporangia Cph3TOspo = 0 (model 1) or 100 (2) or 200 (3) or 300 (4)
or 360 (maximum possible, model 5)

19 Respiration of sporangia CspoTOres = 0.2 Cph3TOspo

20 Respiration of zoospores CzooTOres = 0.5 CspoTOzoo

21 Chitine wall loss at the zoospore emission CspoTOdet = 0.05 Cph3TOspo

22 Zoospore consumption by
mesozooplankton = twice that
of microzooplankton

CzooTOmes = 2 CzooTOmic

Abbreviations are from Table 1. In bold are the modifications from the model in Niquil et al. (2006). The italicized entries underline

the main difference as an input to the 5 models
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system interactions used to identify holistic properties

that are otherwise not evident from the direct obser-

vations’. Indices were computed using the program

Netwrk 4.2., written by Robert E. Ulanowicz

(Ulanowicz, 1999). The total activity of the system,

described by the sum of all the flows, is called the total

system throughput (TST). The activity of each com-

partment, called the throughput, is the sum of all flows

entering that compartment. The Finn cycling index

(FCI) is the ratio of carbon flowing in loops (the carbon

comes back to the compartment it left) to the sum of all

carbon flows. The ratio of detritivory to herbivory

(D/H) is the sum of flows of consumption of non-living

material (detritus or DOC) divided by the sum of flows

of consumption (or parasitism) of autotrophic organ-

isms (Finn, 1976; Ulanowicz, 1986, 1997). The

Lindeman trophic aggregation summarises the com-

plex food web in terms of a single linear chain (Kay

et al., 1989), allocating primary producers and

non-living material to level I and each consumer

compartment to one or more discrete trophic levels,

according to the amount that it feeds at each. For

example, a consumer that feeds 50% on plants and

50% on herbivores would be divided so that half the

biomass is considered level II (herbivore) and half the

biomass is considered level III (primary carnivore).

From this chain, the efficiency of transfer from one

integer, aggregated level to the next can be calculated

as the fraction of the carbon input that is transmitted to

the next level (Baird & Ulanowicz, 1989). To charac-

terise the geometry of the flows, topological indices

are calculated. The ascendency (written with the

spelling defined by Ulanowicz, 1986) is the product

of the TST and an information index corresponding to

the Shannon index of the flows. This second term of

the product is called the Average Mutual Information.

This term will be the highest when the information

about where to go next is high for an atom of carbon

leaving one compartment, i.e. the trophic pathways are

highly specialised. Alternatively, this term will be low

if the carbon has low information, with many possible

pathways of equal magnitude; such a system is

considered redundant, and ascendency will be low.

The ascendency is more informative on the organisa-

tion of the system when it is expressed as a percentage

of the development capacity, which is the maximum

potential ascendency (when specialisation is maxi-

mised). The ratio of ascendency to development

capacity can be defined at the total system level

(relative ascendency) or at the level of the internal food

web, where flows to the outside are disregarded

(internal relative ascendency). The development

capacity is the sum of ascendency, redundancy and

information related to external exchanges. The internal

development capacity is the sum of internal ascen-

dency and internal redundancy.

Dividing the fungi into two compartments made

sense because of their different trophic behaviours;

however, in some cases, this separation is in contra-

diction with the Ecological Network Analysis theo-

ries. For example, the trophic aggregation into the

linear Lindeman chain would be problematic,

because sporangia become zoospores by emission,

not through consumption by existing zoospores. For

this reason, the Lindeman chain and the Trophic

Efficiencies calculations were realised on an aggre-

gated model, where sporangia and zoospores form a

unique compartment of fungi, neglecting the flow

between them. For recycling, D/H and topological

indices, the issue was not evident, each procedure

having its advantages and drawbacks. For this reason,

both approaches (aggregated or not) will be presented

in the results section.

Results

The carbon flow values derived from inverse analysis

for a mean summer day, for a mean square meter of the

photic zone in the north basin of Lake Biwa, are given

in Table 1. The role of parasitism of the fungi on the

micro-phytoplankton ranges from zero (Model 1) to its

maximum possible value of 360 mg C m-2 day-1

(Model 5). The results are illustrated as trophic

network schemes in Fig. 1, for the two most extreme

cases: Model 1 and Model 5.

Compared to the initially published model (Niquil

et al., 2006), the microzooplankton diet is more

realistic, with consumption of non-living material at

its maximum value of 20% and a non-null consumption

of nano-phytoplankton. The only null flow remaining

in Model 1 is the sinking of nano-phytoplankton, which

is less problematic, because their size positions them at

the limit between sinking and non-sinking cells.

Another null flow appears in Models 2–4, with a null

sinking of the sporangia, in absence of constraint set for

its minimum. This is a process completely unknown at

present, whose quantification would be of great interest
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in the future, especially by studying its coupling with

the micro-phytoplankton sinking.

As far as individual flows are concerned, the

sensitivity analysis of the flow from micro-phyto-

plankton to sporangia had no effect on most of the

flows, because they had direct constraints from field

estimations of the processes or indirect constraints

through indirect pathways. The consequences of the

increase in the parasitism were a lower production of

detritus by the micro-phytoplankton, a decrease in the

microzooplankton respiration, an increase in all the

other flows leaving microzooplankton, a decrease of

the mesozooplankton egestion and a non-monotonic

variation of the DOC excretion by mesozooplankton,

linked with complex interactions between the con-

straints. Concerning the flows of the fungi, all flows

increased linearly with the increase in parasitism,

except the sporangia sinking which had a zero value

for all models except Model 5.

The Ecological Network Analysis indices were, to

varying degrees, sensitive to the variation in the

parasitism of the micro-phytoplankton by the spo-

rangia. The Lindeman chains, which appeared to be

longer in the presence of two fungi compartments,

had exactly the same maximum length as the initial

model with no fungi when sporangia and zoospores

were aggregated. However, the trophic efficiency

showed some sensitivity to the increase in parasitism

(Fig. 2). The trophic efficiency increase was mainly

observed at the second level, where consumers feed

on parasites, detritivores, and herbivores. The trophic

efficiency of level II rose from 16% in Model 1 to

22% in Model 5. The protocol used here does not

allow us to discuss the statistical significance of such

a modification, and this remark applies for all the

following comparisons.
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Fig. 1 Graphical representation of the two extreme cases

studied a without taking into account the fungi (Model 1), b
with the fungi, the sporangia incorporating the maximum

possible flow (360 mg C m-2 day-1) from the micro-phyto-

plankton (Model 5). In this figure, the two life forms of the

fungi are not aggregated. The width of each arrow is

proportional to the flow values estimated by inverse analysis
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from the Lindeman chain of the 5 models, after aggregation of

the two life forms of the fungi into one compartment. I is

composed of autotrophic and non-living compartments, II of

herbivorous/detritivorous compartments (or behaviour inside

one compartment), III of first level carnivorous compartments

(or behaviour inside one compartment)
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The sensitivity to the aggregation of the compart-

ments is visible in global activity. Figure 3 shows

that the total activity of the system (TST) increased

with parasitism in the non-aggregated approach but

decreased in the aggregated models. This occurs

because the flow from sporangia to zoospores is

neglected in the aggregated models. However, the

variations are very low from 7,997 to 8,089

mg C m-2 day-1 in the non-aggregated models and

from 7,997 to 7,836 mg C m-2 day-1 in the aggre-

gated models. The ratio of detritivory to herbivory

(D/H) decreases from 3.2 (detritivory is 3.2 times

more important than herbivory) to 1.5 with increasing

parasitism. The flow from micro-phytoplankton to

sporangia is itself considered as an herbivory process.

This effect is independent of the choice made for

aggregation.

The loss of activity observed in the aggregated

model can be explained by a decrease in recycling

with increasing parasitism, which is quantified by the

FCI (Fig. 4). This loss is similar for the two types of

aggregation. The parasitism, part of a process with

non-cycling pathways, leads to a decrease in recy-

cling activity compared to the overall activity. This

effect is moderate, but not negligible, as the FCI

decreased from 35 to 28% in the non-aggregated

models and to 29% in the aggregated models. As the

FCI decreases with increasing parasitism in the non-

aggregated models whilst TST increases, it can be

concluded that the increase in TST is due to fungal

activity.

The sensitivity analysis shows a modification in the

topology of the trophic networks (Fig. 3). The

increasing parasitism leads to a trophic network with

more specialised pathways, as quantified by the

increase in the two indices A/DC (relative ascen-

dency) and Ai/DCi (internal relative ascendency). The

amplitude of variation of A/DC is greater for the non-

aggregated model (from 37.9% in Model 1 to 41.1%

in Model 2) than for the aggregated one (37.9% in

Model 1, 39.1% in Model 5). The difference in the

trophic pathways from sporangia and from zoospores

justifies the non-aggregated approach here. For inter-

nal relative ascendency, the effect is the same but with

a higher variation, from 39.2% in Model 1–45.2% in

Model 5 without aggregation, or to 41.3% with
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Fig. 3 Top: Detritivory/Herbivory ratio and total system

throughput (sum of all the flows of the model) for the 5

models a with sporangia and zoospores separated, b aggregated

into one single compartment of fungi. Bottom: relative

ascendency (ascendency divided by the development capacity,

i.e. its maximum value), for the whole model (A/DC) or

calculated only for internal flows (Ai/DCi) and relative

redundancy (R/DC) for the 5 models
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Fig. 4 Finn cycling index (percentage of carbon into recycling

loops) of the 5 models, with or without aggregation of the fungi

compartments
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aggregation. This increase in relative ascendency

corresponds to a gain of specialisation and a loss of

redundancy, i.e. fewer parallel pathways of equivalent

importance for a carbon atom to flow from one

compartment to another.

Discussion

Except in episodic events, leading eventually to a

system shift and the definition of a new equilibrium,

the parasites have long been considered as playing an

insignificant role in ecosystem steady-state function-

ing. This is likely due to apparently low fungal

biomass relative to other trophic groups. In numerous

articles published in the past 20 years, this idea is

challenged and the role of parasites in ecosystem

functioning is demonstrated (e.g. Polis, 1991; Morand

& Arias-Gonzalez, 1997; Hudson et al., 2006).

However, the number of food web models incorpo-

rating parasites remains low, likely as a result of the

methodological difficulty of quantifying the related

processes. This is why most previous articles on this

subject are concentrated on the species interactions

but not on their quantitative effects on the entire food

webs. These articles led to the description of the

topology of food webs (Lafferty et al., 2008) and to

interesting discussion about robustness, where the

effect of the loss of one species is discussed in

reference to the number of secondary extinctions.

From this point of view, the parasites reduce the food

web robustness, because they are sensitive to sec-

ondary extinctions (Lafferty & Kuris, 2009). In

contrast, it has been shown that parasites can enhance

the ecosystem stability from the host point of view

(Freeland & Boulton, 1992). More generally, Morand

& Arias-Gonzalez (1997) show that the conclusion

about parasites increasing or decreasing the stability

depends on the type of parasites involved.

The rich scientific literature on the topic suggests

that parasites merit incorporation into food web

models (e.g. Marcogliese & Cone, 1997; Morand &

Arias-Gonzalez, 1997; Lafferty et al., 2008), but this

is still quite rare due to the lack of quantification of

the related flows. In the case of the Lake Biwa, we

have a good qualitative description of the potential

role of the fungi as parasites of the micro-phyto-

plankton and as a food resource for mesozooplankton

(Kagami et al., 2004, 2006), but no real quantification

of these processes. This is why we made the choice of

a simulation approach that will not describe directly

the effect of the fungi but rather their potential effect

on the food web functioning.

The trophic functioning of Lake Biwa in summer

in the photic zone of the North Basin had been fully

described but could appear surprising. The micro-

phytoplankton showed a very high and dominant

primary production (Yoshimizu et al., 2001), but this

production did not lead to a high mesozooplankton

consumption (Urabe et al., 1996), probably because

of a low edibility of the species present (Kagami

et al., 2002). In such a circumstance, we would

suppose that the micro-phytoplankton would sink at a

high rate, but the dominant micro-phytoplankton did

not sink at high rate (Kagami et al., 2004) and this

flow was also measured as low in summer (Nakanishi

et al., 1992). As a consequence of a low sinking and a

low grazing of micro-phytoplankton, the steady-state

assumption led to a scheme of the food web (Model

1) with a high flow from micro-phytoplankton to

detritus, which suggests that detritivory should also

be high. By adding the sporangia, a possible strong

loss factor for the micro-phytoplankton in the water

column, and the zoospores, an alternative feeding

pathway for mesozooplankton, we built a series of

scenarii that appear as more likely than Model 1.

However, we do not yet have enough information to

choose which of the 4 rates of parasitism is the most

realistic for the Lake Biwa in summer.

The Model 2 corresponds to a case where 9.5% of

the net primary production of the micro-phytoplank-

ton would be channelled to the sporangia. This value

corresponds to the observation made in the experi-

ments on two micro-phytoplankton species (Kagami

et al., 2007a). Model 5 shows a rate of 34%, which is

the maximum value compatible with all other con-

straints applied. The most realistic value is probably

between those. Kagami et al. (2006) estimated

that the loss flux due to cell lysis of the dominant

micro-phytoplankton species by fungal parasitism

accounted for 25% of primary production in Septem-

ber in Lake Biwa, and heavy infection rates have

been observed in summer, with a percentage of

infection increasing to almost 80% for some species

at the end of summer (Kagami et al., 2006). A field

survey of the abundance and biovolumes of sporangia

and the determination of the conversion factor into

carbon would be necessary to answer this point.
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The simulations tested show that the role of

chytrids, by adding an indirect pathway from the

primary production to the consumers, is likely to

change significantly our understanding of the emer-

gent properties of functioning and organisation of the

planktonic system. The absence of quantification, and

as a consequence of definition of an interval of

confidence, prevents us from performing any statis-

tical test on the differences observed in the Ecolog-

ical Network Analysis index values. However, the

comparison with other planktonic systems, published

with enough precision using the same Netwrk 4.2.

program, gives an indication of the relative effect of

the simulations (Table 3). In this comparison table,

the examples are chosen according to two

approaches. Lakes Paul (Wisconsin, USA) and Kon-

stanz (Germany/Switzerland) are published with

some indices which are reproduced here (Vézina &

Pace, 1994; Gaedke & Straile, 1994). Lake Kinneret

(Israel; Stone et al., 1993), Takapoto lagoon (French

Polynesia; Niquil et al., 2001), English Channel and

Celtic Sea (Vézina & Platt, 1988) are all modelled

with inverse analysis as in this study. We applied the

Netwrk 4.2. program on their results in order to

estimate the values for the ENA indices. The results

presented here concern the summer for Lake Kinneret

and Konstanz and the whole year for the others.

The comparison with these systems shows that the

microzooplankton efficiency, as a link between the

microbial items and the metazoans, was not modified

when expressed as a percentage of the microzoo-

plankton throughput. The microbial link, however, is

enhanced with growing parasitism, when expressed

as a percentage of the mesozooplankton demand.

The main effect of the simulation is an increase of the

trophic efficiency at level II, a decrease of the

Detritivory/Herbivory ratio and of the FCI, and an

increase in the relative ascendency and the internal

relative ascendency with increasing parasitism. For

performing a statistical test in future models, it will

be necessary to have confidence intervals of the

estimated carbon flows. The new techniques of

inverse analysis based on Monte Carlo Markov Chain

will allow defining the confidence interval of the

ENA indices and hence performing tests of compar-

ison (Kones et al., 2009; Van den Meersche et al.,

2009). The modification of the total system through-

put is not presented here because the variation is very

low compared to other systems.

The same enhancement of the trophic efficiency

in the Lindeman chain was observed in the

ECOPATH model of Arias-Gonzalez & Morand

(2006), who concentrated on macro-fauna parasites.

The increase in trophic efficiency can be related to

the increase in relative ascendency. The theory,

which was developed by Ulanowicz (1986, 1997),

states that an ecosystem would evolve towards an

increasing level of organisation that could be

measured by ascendency. More recently, he suggests

that this increase should be compared to the

development capacity, i.e. the maximal potential

ascendency, in order to measure the reserve of

organisation, which gives flexibility (Ulanowicz

et al., 2009). The idea behind this theory of a

maximisation of the relative ascendency is that, in

absence of major perturbation, the ecosystem would

select the most efficient pathways and abandon the

others, thus leading to a maximisation of speciali-

sation. Here, this would correspond to a selection of

the efficient pathway corresponding to the consump-

tion of the zoospores, and a decrease in the use of

detritus as a resource. This last point, together with

the increase of the flow from primary producers to

parasites, which corresponds to a type of herbivory,

leads to a lower Detritivory/Herbivory ratio. In such

a description, the separation of life forms of the

fungi appears as essential. Indeed, the consumption

is not at all the same on the sporangia and on the

zoospores. Consumption of the sporangia has not

been described yet, and its quantification would lead

to taking it into account in future models. Here, we

made the choice to base on what had clearly been

demonstrated, the consumption of the zoospores

(Kagami et al., 2007a). Furthermore, the difference

of motility of the two life forms probably leads to

differences in their respiration rates, as our assump-

tions state here. The microzooplankton consumption

is also a lacking information, but the size of the

zoospores (2–5 lm in diameter; Kagami et al.,

2004), their rich composition and the ability of

protozoa to detect food of chemical interest (Pratt &

Cairns, 1985) make us think that their consumption

should not be negligible, at least for the larger

protozoa. All this discussion shows the lack of

quantitative precision of our simulation and the fact

that the tendencies observed in the evolution of the

emergent properties should be taken as potential

effects and not as simulations of real processes.
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If a lower level of aggregation had been consid-

ered, for example by taking into account the domi-

nant species of the micro-phytoplankton and of their

parasites, the effect shown on the ascendency would

be accentuated. Even if it is not a generality, many

parasites are highly specific (Fenton & Brockhurst,

2008) in their interactions with their hosts. In the case

of the chytrids, this point remains debated. As stated

by Kagami et al. (2007b), some fungi are known to

have a narrow host range, whilst some have a broad

range. The specificity may occur during encystment

of the zoospores (Doggett & Porter, 1995); in that

case, building a model with compartments based on

species would lead to an even stronger enhancement

of the ascendency, due to the highly specialised

pathways. If we consider then that the zoospores of

all species are equally highly nutritive, it is probable

that this specificity is not found anymore at the level

of the zoospore consumption, especially by metazoan

zooplankton. Then the resulting scheme of food web

would present a high ascendency (high specificity) in

the lowest trophic levels, and a lower ascendency

(lower specificity) in higher trophic levels. This

scheme is in accordance with the pattern described by

Rooney et al. (2006) as structural asymmetry (Fig. 5).

This pattern of food web organisation was submitted

to stability analysis and showed to be a vector of

stability. According to this theory, our simulation

would show that the incorporation of the fungal

compartments into the plankton food web would

increase its stability. If the specificity of the parasit-

ism is confirmed in the case of the summer in Lake

Biwa, working on less aggregated models would

further reinforce this observation.

Conclusion

The simulation of the role of the fungi in the well-

described planktonic food web of the photic zone of

the Lake Biwa’s North basin in summer shows their

potential influence on ecological network properties.

Presently, the fungal processes are far from fully

quantified. It would, in particular, be interesting to

undertake specific measurements of their respiration,

their sinking and their consumption by microzoo-

plankton. The simulations presented here show that

the higher the parasitism, the less the system relies on

detritus consumption and its related recycling. The

more effective the system is at the transfer of carbon

towards higher trophic levels, the more specialised

the system is and the higher the system’s relative

ascendency. Such specialisation at a low level of the

food web, if associated with a low specialisation at

higher levels, as is likely, would lead to the pattern of

‘structural asymmetry’ that was demonstrated by

Rooney et al. (2006) to confer stability to the food

web. This analysis shows the potential role of the

fungi as leading to a pattern of organisation stabil-

ising the whole system.
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Vézina, A. F. & T. Platt, 1988. Food web dynamics in the

oceans. 1. Best-estimates of flow networks using inverse

methods. Marine Ecology Progress Series 42: 269–287.

Weete, J. D., M. S. Fuller, M. Q. Huang & S. Gandhi, 1989. Fatty

acids and sterols of selected hyphochytriomycetes and

chytridiomycetes. Experimental Mycology 13: 183–195.

Wilhelm, S. W. & C. A. Suttle, 1999. Viruses and nutrient

cycles in the sea. BioScience 49: 781–788.

Woese, C. R., O. Kandler & M. L. Wheelis, 1990. Towards a

natural system of organisms: proposal for the domains

Archaea, Bacteria, and Eucarya. Proceedings of the

National Academy of Sciences USA 87(12): 4576–4579.

Yoshimizu, C., T. Yoshida, M. Nakanishi & J. Urabe, 2001.

Effects of zooplankton on the sinking flux of organic

carbon in Lake Biwa. Limnology 2: 37–43.

Hydrobiologia (2011) 659:65–79 79

123

Author's personal copy

http://www.cbl.umces.edu/~ulan/ntwk/network.html

	Potential role of fungi in plankton food web functioning and stability: a simulation analysis based on Lake Biwa inverse model
	Abstract
	Introduction
	Materials and methods
	Initial model
	Simulation of the potential role of fungi
	Ecological network analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


